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Abstract
As infrared range cameras have recently become commercially available at reasonable cost, we have been trying to use the range camera for
monitoring nest-building behavior in mice and leaf movement of kidney beans. Three-dimensional (3D) images represented the nest-building
behavior clearly and height information was very useful for assessment of nesting procedures and nest’s quality. And also, 3D images of leaves
also showed that upward and downward movements were synchronized with photo and dark period cycle. The 3D images obtained from the
range camera were enough quality to evaluate these phenomena. Consequently, we believe the range camera will be one of powerful tools likewise
2D camera in near future.
© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
Recently, computer-based image analysis has gained popularity in many fields. Various systems to observe and record the animal
behaviors and plant motion have been developed (e.g., Kretshchmer et al., 2013; Publicover et al.; Spink et al., 2001). However,
most of the systems were designed to analyze animal behaviors and plant motions in two dimensions (2D), while all animals and
plants live and behave in three dimensions (3D). As an infrared range cameras have recently become commercially available at
reasonable cost (e.g., ASUS, 2011; Microsoft, 2010), we are trying to use the range camera for monitoring animal behaviors and
plant motions. In this paper, we introduce our trials for monitoring of nest behavior in mice and leaf movement in kidney beans.
2. An infrared range camera
The low-cost range cameras are an attractive alternative for expensive laser range scanners. Microsoft’s Kinect which is the
typical low-cost range camera (Microsoft, 2010) was primarily designed for natural interaction in a computer game environment.
However, the features of the depth data captured by Kinect have attracted the attention of researchers from the field of mapping
and 3D modeling. An infrared range camera (Xtion PRO LIVE, ASUSTeck Computer Inc., Taiwan) which has almost the same
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sensor as the Kinect’s sensor (Gonzalez-Jorge et al., 2013) was used to obtain 3D data. The range camera captures a depth image
(640 × 480) in which each pixel represents the distance from the camera to the surface of an object in the pixel. The error is a few
millimeter at 0.5 m distance (Khoshelham, 2011). The range camera can be controlled with a normal laptop computer [e.g., Core
i5 3210M 2.5GHz processor (2 cores) and 4 GB memory]. A depth image can be easily converted into a set of points (point cloud)
in a 3D coordinate system. Point cloud data were collected with the Processing (https://www.processing.org/) and Simple OpenNI
library (https://code.google.com/p/simple-openni/). The acquired point clouds were trimmed according to the 3D field of the
chamber. Data were analyzed with Python 2.7 (https://www.python.org/), and applied to an OpenCV computer vision library
(http://opencv.org/).
Fig. 1. A 3D depth sensor (Xtion PROLIVE, ASUS, Taiwan).
3. Nest-building behavior in mice
3.1. Why nest-building behavior?
Nest building is an innate behavior that is widely observed throughout the animal kingdom, in insects, fishes, birds, and
mammals. Nesting behaviors in mice were first studied many years ago, and nests are important to rodents for maintaining their
body temperature and hiding from predators (Lisk and Pretlow, 1969). Different types of mice build nests with different shapes
(Lee, 1973). Moreover, some genetically modified mice showed severe deficits in nest building (e.g., Belforte et al., 2010; Ljam
et al., 1997; Takao et al., 2013). Thus, nest-building behavior is one of the important indices for assessing conditions in mice and
various scoring methods for nests are suggested (e.g., Deacon, 2006; Hess et al., 2008). However, conventional methods for
evaluation of nest-building behavior are conducted by human eyes, and it may lead to an inevitable and significant difference in
the data recorded by different nest observers because of the complicated 3D structure of nests. Therefore, we have been trying to
develop an objective and noninvasive method to evaluate the nest-building behavior using an infrared range camera.
3.2. Obtained point clouds of nest-building behavior
This study was approved by the guidelines of the Animal Care and Use Committee of Ibaraki University and conformed to the
standards set by the Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan (Notification, No. 71). Figure
2 shows the experimental setup to obtain point clouds of nest-building behavior in mice. The distance between the camera and the
floor of the chamber was about 650 mm, whereas the minimum permissible distance between the camera and objects is 500 mm.
Since the range camera uses infrared (830 nm) to obtain depth information, mouse behaviors are not affected by the use of the
range camera to record them during the dark period.
Fig. 2. Measuring setup for monitoring nest-building behavior in mice.
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Figure 3 shows examples of point clouds during nest-building behavior. Figures A, B, and C represent point clouds (top view)
with color information from the RGB camera. Figures A’, B’ and C’ represent point clouds (bird view) with height information.
Warmer colors indicate higher points and cooler colors indicate lower points. A white square in Figure 3A was a nesting material
made of compressed cotton fibers. A mouse usually starts to shred the nesting materials into fragments of cotton, and disperses
them (Figs. 3B and B’). Then, the mouse gathers these fragments and builds a nest (Figs. 3C and C’). These images clearly
represent the nest-building behavior and height information was very useful for assessment of nesting procedures and nest’s
quality.
Fig. 3. Examples of nest building in mice. At the beginning (A and A’), the middle of the process (B and B’), and the complete nest (C and C’). In bottom
images, warmer colors indicate higher points and cooler colors indicate lower points.
4. Monitoring of Leaf Movement of Kidney Beans
4.1. Why 3D monitoring is required in plant factories?
Plant factories, especially, that fully depend on artificial lighting, can control environmental conditions corresponding to various
plant species and cultivation schedules. In order to decide the optimum environmental conditions for maximizing the plant
production efficiency, monitoring of plant growth status is essential. Monitoring of plant by visual-based measurement is one of
useful methods to assess plant growth status. For example, leaves of some leguminous plants are known to move dynamically in
response to various stimuli such as light intensity, light direction, drought stress, etc. (e.g., Inoue et al., 2005; Sato and Gotoh,
1983; Sato, 1990). Traditional methods for manually measuring the leaf movement are time-consuming and less accurate.
Computer-based image analyses can easily monitor the angle of the vertical inclination (up- and downward movement), whereas
it is difficult to obtain the angle of twisting inclination precisely, because the system can obtain only 2D information. 3D monitoring
is not very new method for monitoring plants. Honjo et al. (1993) measured 3D plant shape by using a magnetic 3D digitizer.
Omasa and Kouda (1998) developed a microscopy system for obtaining morphological data of plants three-dimensionally. He et
al. (2002) developed a binocular stereovision system for estimating growth variables of a transplant population. Recently, Lin et
al. (2012) also developed the stereo vision system which can obtain geometric features such as projected leaf area, plant height,
plant volume, and diameters. In this paper, we introduce our trial for monitoring leaf movement of kidney bean.
4.2. Obtained point clouds of leaf of kidney beans
Seedlings of kidney bean (Phaseolus vulgaris cv. ‘top crop’, Takii, Japan) after two weeks from germination were used in this
experiment. They were cultivated under fluorescent lamps, and the photo/dark cycle was 16/8 h (photoperiod was from 8:00 am to
0:00 am). Air temperature was kept about 25 °C, and relative humidity was not controlled. The range camera was placed at side of
a target plant to capture movement of a leaf (Fig. 4).
Fig. 4. Measuring setup for monitoring leaf movement of kidney bean using an infrared range camera
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Figure 5 shows examples of obtained point cloud of leaf of kidney beans. Warmer colors indicate near points to the range camera
and cooler colors indicate far points from the camera. Photo period started from 8:00 am. Leaves were gradually moving upward
when the photoperiod started. These point clouds represented the leaf movement clearly.
Fig. 5. Examples of point clouds expressing leaf movements. Warmer colors indicate near points to the range camera and cooler colors indicate far points from
the camera.
4. Conclusion
We tried to monitor nest-building behavior in mice and leaf movement of kidney beans using an off-the-shelf infrared range
camera. The point clouds obtained from the range camera were enough quality to evaluate the monitoring of these phenomena.
Consequently we believe the range camera will be one of powerful tools likewise 2D camera in near future.
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